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adjusted to reflect the neighborhood development effects and trans-
portation benefits from BART service.

The area of transit effect is assumed to be approximately 1.6 km
(1 mi) from the Pleasant Hill BART station. This area is consistent
with findings in previous studies (2). Whereas other studies have
found property value effects beyond this radius (1), this study seeks
to focus on station area effects, which correspond to walking (or
biking) distance to transit. The literature indicates that most station
area residents will not be willing to walk much more than 0.8 km
(0.5 mi) to transit. For this reason, areas within 1.6 km (1 mi) of the
BART station should encompass the areas most likely to show
changes in neighborhood structure that facilitate transit-oriented
development.

There were two primary data sources for the Pleasant Hill study
area. Contra Costa County provided GIS mapping data, which
allowed the calculation of walking distances from each parcel to the
Pleasant Hill station. Home sale price data were purchased and
matched to parcel numbers in the GIS database.

Home sale price data were collected for every property sale
between 1976 and the first few months of 1996 within a 1.6-km (1-
mi) radius of the transit station. Only sales from 1984 to 1996 were
included in the regression because of unusual sale price activity
between 1979 and 1983, a period of acute economic instability. Sale
prices were expressed in constant 1995 dollars in the regression
analysis.

New York City—Queens Study Area

Decidedly more urban than the other study areas, the Queens study
area focused on three New York City MTA subway stations: Forest
Hills, 67 Avenue, and Rego Park, which are all within the neigh-
borhoods of Forest Hills and Rego Park.

These stations fall along the E, F, and R lines (which travel to
uptown Manhattan before splitting off to downtown, Harlem, and
the Bronx) and the G line (which travels to downtown Brooklyn).
Forest Hills is served by all four lines, whereas the other stations are
served by the G and R lines.

Whereas the New York City subway system is much older than
the other systems in this study, the scope and mobility oftered by the
system is unmatched in the United States. New York City neigh-
borhoods warrant detailed study by virtue of their transit depen-
dence. If mobility on the transit system provides benefits to resi-
dents, these station areas should display strong property value
effects by virtue of superior access.

Forest Hills is the highest-priced neighborhood in the study, with
average home values around $390,000. The homes nearest 67
Avenue are less costly at about $226,000, and Rego Park is the low-
est at just under $200,000. Household income is also highest in For-
est Hills at nearly $60,000 followed by 67 Avenue at about $50,000
and Rego Park at about $44,000 per household.

Data for the New York study were provided by the City Planning
Office and TRW. The planning office provides GIS mapping data
on CD-ROM for every borough in New York City. The real estate
database from TRW provided sale prices for homes in the study
area. The data were provided for every sale over the past 18 years
and were expressed in constant 1996 dollars. Data regarding home
size and other physical characteristics were unavailable from TRW.
The data limitation reduces the regression equation’s explanatory
power. Although not a completely satisfactory solution, other vari-
ables for median income and lot size aggregated by census district
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were included in the regression. This approach provides additional
information regarding socioeconomic factors and average home
characteristics at the level of detail of a few blocks.

Portland, Oregon—MAX Study Area

The analysis of Portland’s MAX light rail station areas tested three
stations along the East Burnside corridor: the 148th Avenue, 162nd
Avenue, and 172nd Avenue stations. These three stations are less
than 1.6 km (1 mi) apart, creating a heavily transit-served neigh-
borhood. The light rail system in Portland primarily uses existing
rights-of-way down major arterial streets.

Land use surrounding these stations is dominated by single-
family detached, moderately priced homes, with relatively small
amounts of multifamily residential and civic (schools and parks)
buildings. The average home value in the station areas within 1.6 km
of the three stations is about $95,000.

The data for the Portland MAX study area were collected from
city property tax rolls and a GIS database from the metropolitan
planning agency (Metro) to calculate walking distance to the light
rail stations. The database for this case study was extensive, includ-
ing nearly every property within a 1.6-km radius of all three stations.
In all, the regression equation contained data for more than 4,000
properties with precise data on the walking distance to the nearest
transit station. The data for this analysis are a cross section for 1995.

RESULTS: PROPERTY VALUES IN
TRANSIT-ORIENTED NEIGHBORHOODS

BART—Pleasant Hill Property Value Study
Model Specification

A hedonic model is used to isolate the effects of proximity to BART
on property values near the Pleasant Hill station. The model is spec-
ified to include a mix of home characteristics and transportation
characteristics to account for as much property price variation as
possible.

Data on home characteristics include such items as number of
bedrooms, number of bathrooms, size of the home in square feet, lot
size, and age of the home. All of these variables are not included in
the model because of multicollinearity. Tests of various regression
equations indicated that home size, lot size, and age of the home
accounted for most of the variation in home values due to home
characteristics while avoiding problems of multicollinearity.

A concise summary of the traditional solutions to multicollinear-
ity among explanatory variables is given by Maddala (3, pp.
190-194). The method used in this study is to drop variables that are
the source of the multicollinearity and that do not add significantly
to the explanatory power of the regression. The method of principal
components is often suggested as a solution to the multicollinearity
problem. However, as Maddala (3) notes, this methodology is of
limited value for this purpose and is easily misused.

The best regression equation, which accounts for more than 80
percent of the variation in property values in the sample, has the fol-
lowing specification:

HomeVal = « + B,Dist to_Bart + B,Dist to_Hwy
+ BsHomeAge + p,HomeSize + error 2)
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where

HomeVal = sale price in constant 1995 dollars,
« = regression constant,
Dist to_Bart = walking distance from the home to the transit
station (ft),
Dist_to_Hwy = physical distance from the home to the nearest
freeway (ft),
HomeSize = size of the home (ft?), and
HomeAge = age of the home (years).

The primary coefficient of interest is 3,, which is the change in
home value from a 0.3-m (1-ft) change in walking distance to the
BART station. A positive coefficient means that transit has a nega-
tive effect on property value, whereas a negative number means tran-
sit proximity enhances property values. The hypothesis of this study,
which is confirmed in the results (see Table 1), is that this coefficient
will be negative and significant, indicating that transit access pro-
vides economic value that is capitalized in local property values.

The regression equation displays possible heteroskedasticity. The
source appears to be high forecast errors for very expensive homes.
To test this proposition, the regression equations were reestimated
without the 31 properties that exceeded $350,000. This regression
did not fail White’s heteroskedasticity test. The coefficient on the
station proximity variable actually implied stronger property value
effects, but the R? and F-statistics worsened. As a final test, the orig-
inal model was run using White’s heteroskedasticity consistent
covariance matrix (a form of weighted least squares that corrects for
heteroskedasticity). This model did not change the coefficients or
their significance in any appreciable way. All models in this paper
were estimated using White’s correction.

Analysis of BART Results

The regression results show that for homes in the study area, BART
access is worth $15.78 more for every 0.3 m (1 ft) closer to the sta-

TABLE1 BART Regression Results with Linear and Log-Linear
Specifications

Dependent Variable: Home Sale Price  Linear Model Log-Linear
in 1995 Dollars Model
Variable Coefficient Coefficient
(t-statistic) (t-statistic)
Constant 143,504.9 9.04
(8.70) (19.72)
Home Characteristics
Age of Home -422.79 -0.05
(-2.48) (-3.34)
Size of Home 100.39 0.62
(21.14) (18.19)
Transportation Characteristics
Distance to BART -15.78 -0.22
(-5.79) (-5.63)
Distance to Highway 7.94 0.10
(3.15) (3.61)
All coefficients are significant at the 1
percent level.
Summary Statistics
Number of Observations 263 263
R? 81 77
Mean Dependent Variable 249,848.4 12.38
‘White Heteroskedasticity Test 2.36 2.63
(pr. = 0.0181) (pr. = 0.0014)
F - Statistic 272.999 216.05
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tion on average. This means that an average home in the study area
would be worth more than $15,000 more if it were 305 m (1,000 ft)
closer to BART than its original location. Interestingly, closeness to
highways has a negative effect on housing values within the study
area. The regression shows that homes further from a highway inter-
change are worth $7.94 more on average for every 0.3 m (1 ft) fur-
ther from the freeway interchange. The value of an average single-
family home in the Pleasant Hill station area is nearly $23,000
greater (9 percent premium) than comparable homes just outside the
station area because of its proximity to BART.

The home characteristics variables are extremely good indicators
of home values. Building size is the most important determinant of
home prices with a value of about $1,100/m? ($100/ft?). Home age
tends to reduce property values by about $443/year. All explanatory
variables in this regression are highly significant. Figure 1 shows
how property values for two- and three-bedroom homes decay with
distance from BART. The figure shows a good fit between predicted
and actual values.

The logarithmic specification replicates the linear specification
using natural logarithm transtormations of the variables. The results
show the same relationships expressed in the preceding regression
but express them in terms of elasticities (see Table 1).

The interpretation of the coefficients is that the value equals the
percentage change in home sale price given a 1 percent change in
the independent variable. For example, a 1 percent increase in dis-
tance from BART results in a 0.22 percent reduction in home price.
The interpretation of the other coefficients follows similarly. A 1
percent increase in distance from the highway leads to a 0.10 per-
cent increase in home sale price. A 1 percent increase in home size
leads to a 0.62 percent increase in sale price, whereas a 1 percent
increase in home age leads to a 0.05 percent decrease in home sale
price.

Evidence of Nonuse Values

The results of the Pleasant Hill area research confirm a large and sig-
nificantly positive effect of access to BART on property values
around the station. The effects reflect an array of benefits from tran-
sit access that this study cannot fully delineate. Some of the pre-
mium paid for proximity to transit compensates for the reduced
travel costs. This compensation is measured by the benefit from trips
actually taken.

However, there may be a nonuse benefit, which is evidenced in
two ways. First, many people who live near transit are willing to pay
a property value premium, yet they do not use transit. Second, the
amount of the observed property value premiums is too large to be

Thousands

Sales Price (1995 $)

100 L L
1000 2000 3000 4000 5000 6000
Distance from BART Station in Feet

¢ Actual == Forecast

FIGURE 1 Property values and distance to BART, two- and
three-bedroom homes (average home characteristics assumed)
1 ft = 0.3 m).
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explained by user benefits. These are more fully discussed in the fol-
lowing paragraphs.

Consumers pay a premium regardless of transit use. Many indi-
viduals in the study area pay premiums in housing prices in excess
of $20,000 to live near transit but will never use transit. This will-
ingness to pay the premium must reflect some value of transit prox-
imity that accrues to residents regardless of transit use.

The value premium is too large to represent user benefits. To
illustrate this point, consider the following scenario: two residents
of the Pleasant Hill neighborhood are regular BART users who walk
to the Pleasant Hill station. One resident lives 1.2 km (0.75 mi) from
BART, whereas the other lives 0.8 km (0.5 mi) away.

The logarithmic regression results in Table 1 indicate that mov-
ing 0.4 km (0.25 mi) closer to the Pleasant Hill BART station results
in $18,000 in added property values, holding all other property char-
acteristics constant [proximity coefficient implies moving 33 per-
cent closer results in a 7.26 percent value premium (—0.33 X
—0.22)]. The $18,000 in property value leads to about $130/month
in additional mortgage costs at 8 percent interest for 30 years. This
is the observed monthly willingness to pay to live 0.4 km (0.25 mi)
closer to transit.

The walking time for a 0.4-km (0.25-mi) trip is about 5 min (4).
At that rate, the resident 0.4 km closer to transit saves about 10
min/day (two trips) or about 3.3 hr/month (20 travel days). Even at
an upper bound estimate for value of time of around $20/hr for time
savings (3), a resident would be willing to pay only $66/month for
the time savings of living 0.4 km closer to transit. This is only 50
percent of the observed willingness to pay.

In fact, the value of time would need to be about $40/hr, higher
than nearly every estimate found in the literature for intraurban com-
muting trips (6). Therefore, the observed willingness to pay for tran-
sit station proximity most likely includes nonuser benefits from
proximity to transit. These nonuser benefits likely amount to at least
50 percent of the observed property value premium, since many, if
not most, residents in the station area do not use BART yet pay the
property value premium.

New York City—Queens MTA Study
Model Specification

The hedonic approach specifies a regression equation to isolate the
effect of walking distance to transit on property values. This regres-
sion explains about 42 percent of the variation in home values in the
sample. The model estimated here has the following form:

HomeVal = « + B,Dist_to_Sta + B,Dist to Hwy
+ BsLotSize + B,ForestH + Bslncome + error  (3)

where

HomeVal = assessed value of the home in 1995,
« = regression constant,
Dist to_Sta = walking distance from the home to the transit
station (ft),
Dist to_ Hwy = physical distance from the home to the near-
est freeway (ft),
LotSize = size of the lot (ft?),
ForestH = 1 ifhome is in Forest Hills and O otherwise, and
Income = median income of residents in the same cen-
sus block (dollars).
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Analysis of the New York Results

The results for these station areas show high levels of benefits for
residents within walking distance. On average, home prices decline
by about $75 for every meter ($23 for every foot) further from the
subway stations (see Table 2). This value represents the average
willingness to pay for proximity to these subway stations. The value
of an average home within these subway station areas is about
$37,000 greater (13 percent premium) than a home just outside the
station areas because of proximity to the subway.

These results confirm and mirror the results from Pleasant Hill
near San Francisco. The same analysis of the existence of nonuser
benefits holds in this case. As a percentage of home values, the ben-
efits of transit station proximity are nearly the same for the Queens
subway stations and the Pleasant Hill BART station. Time savings,
again, account for at most 50 percent of the total benefits of transit
station proximity measured in this study (details of this calculation
are available from the authors).

MAX—Portland East End Study
Model Specification

The hedonic approach specifies a regression equation to isolate the
effect of walking distance to transit on property values. The model
estimated here has the following form:

HomeVal = « + B,Dist + B,HomeSize + B;LotSize
+ B4Zoning + BsHomeAge + error (€))]

where

HomeVal = assessed value of the home in 1995,
« = regression constant,
Dist = walking distance from the home to the transit sta-
tion (ft),

HomeSize = size of the home (ft?),

LotSize = size of the lot (ft?),

Zoning = 1 for residential zoning and 0 otherwise, and
HomeAge = age of the home (years).

Results from hedonic analysis of Portland, Oregon, light rail tran-
sit station areas were problematic, with the initial sample providing
results contrary to expectations. The results are presented in Table 3.

Analysis of Portland Results

A number of factors specific to the Portland area and data set help
to explain the anomalistic results and, in fact, suggest some inter-
esting implications for getting the highest value out of transit. One
explanation is that light rail vehicles are slow and have less capac-
ity compared with heavy rail transit. The service characteristics of
light rail are far below the service characteristics of most heavy rail
systems, leading to the expectation that the property value effects
will be weaker than for a heavy rail transit system.

One interesting and testable explanation is that the effects of tran-
sit proximity and highway proximity are conflicting in the Portland
data. As the BART study showed, proximity to a highway is
strongly negative for property values. Portland’s light rail line runs
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TABLE 2 Regression Results for Queens Stations

- I
Dependent Variable: Home Sale Price in 1996  Linear Model
Dollars

Variable Coefficient
(t-statistic)
Constant 103,747
(5.81)
Home and Demographic Characteristics
Lot Size 48.08
(21.03)
Forest Hills Indicator 28,992.27
(2.607)
Median Income 1.89
(5.299)
Transportation Characteristics
Distance to Station -23.49
(-7.023)
Distance to Highway 5.93
(3.034)
Summary Statistics
Number of Observations 1738
R? 424
‘White Heteroskedasticity Test 5.80
(pr.=0.0000)
Mean Dependent Variable 293,076.1
F - Statistic 254.73

down a major arterial street, implying that the negative effects of
proximity to heavy traffic could conflict with the positive effects of
the light rail transit line.

This hypothesis was tested by looking for positive transit access
effects further from the light rail stations. Regressions were run
restricting the data set to properties successively further from the
transit stations and the major roadway . The results suggest that tran-

TABLE 3 Results for Portland, Oregon, Transit Station
Areas

———— N —
Dependent Variable: Assessed Property Linear Model

Values, 1994

Variable Coefficient
(t-statistic)
Constant 41431.83
(26.54)
Home Characteristics
Age of Home -506.47
(-27.44)
Size of Home 39.74
(77.7)
Lot Size 4.59
(31.0)
Residential Zoning (1 = Yes) 2777.84
(2.41)
Transportation Characteristics
Distance to Light Rail 1.41
(7.48)

All coefficients are significant at the one percent level
Summary Statistics

Number of Observations 4,170
R? 689
Mean Dependent Variable 93,211.54
White’s Heteroskedasticity Test 22.1821

(pr. = 0.000)
F - Statistic 1548.65
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sit access increases property values as long as properties are within
1.6 km (1 mi) but more than 610 m (2,000 ft) from the major road-
way and transit line. The sign on the distance to transit variable
becomes negative when only properties more than 610 m from tran-
sit and the major roadway are included in the sample. In fact, the
coefficient on distance to transit becomes significant only when
properties beyond 762 m (2,500 ft) are included. Table 4 presents
results for Portland for properties more than 762 m from the light
rail station and major roadway.

The results of the distance-restricted regression (see Table 4) indi-
cate that property values decline as distance to light rail increases
within the included sample. However, the size of the estimated coef-
ficient suggests a much smaller property value effect in Portland
than for BART or MTA. This is probably the result of lower per-
formance service in Portland and the lower property values gener-
ally in the Portland region compared with San Francisco and New
York City.

The coefficient on the distance variable suggests that property
values increase by about $2.49 for every meter ($0.76 for every foot)
closer to light rail within the 762- to 1609-m (2,500- to 5,280-ft) dis-
tance to transit range included in the sample. Controlling for all
other variables, homes 305 m (1,000 ft) closer to transit are worth
about $760 more than other homes, on average. While statistically
significant, this property value premium is small compared with the
results from San Francisco.

Previous Studies in Portland

The results of this study are somewhat contrary to results found by
Al-Mosaind et al. (7). This study focused on the same station areas
along the Burnside Corridor that were included here. The authors
found a statistically insignificant property value premium for station

TABLE 4 Results for Portland Station Area—Distances
More Than 762 m (2,500 ft)

Dependent Variable: Assessed Property Linear Model
Values, 1994
Variable Coefficient
(t-statistic)
Constant 49924.61
(18.02)
Home Characteristics
Age of Home -477.47
(-20.16)
Size of Home 40.04
(61.55)
Lot Size 435
(21.49)
Residential Zoning (1 = Yes) 2567.98
(1.27)
Tran ion eristi
Distance to Light Rail =757
(-2.00)
All coefficients are significant at the five percent level
Summary Statistics
Number of Observations 2,660
R? 690
Mean Dependent Variable 94,792.71
White’ s Heteroskedasticity Test 30.340
(pr. = 0.000)
F - Statistic 987.04
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proximity, whereas our study found a statistically significant nega-
tive effect of station proximity in a similar regression.

The authors did find a statistically significant estimate of a prop-
erty value premium for properties within 500 m of the transit station.
This result could not be directly compared to the HLB study since
no data were collected outside the station areas. The Al-Mosaind et
al. results, while finding a positive relationship between property
values and station proximity, indicate that the property value effects
are minor for these stations and far smaller than the HLB results for
the San Francisco area and Queens transit stations.

POLICY IMPLICATIONS

The results of the Pleasant Hill hedonic study suggest that transit
access provides large and measurable benefits to residents near the
BART station. These benefits may include nonuser benefits from
transit proximity. The benefits are evidenced by comparing the
observed time saving and the observed willingness to pay to live
closer to the transit station. The analysis suggests that nonuser ben-
efits may account for up to 50 percent of the observed property value
premium.

The immediate result of the Portland regression is that not all tran-
sit stations provide the same benefits. The results from BART and
MTA suggest strong property value benefits from transit, whereas
Portland only indicates small benefits to properties more than 0.8 km
(0.5 mi) from transit. The BART station at Pleasant Hill is located
near where the transit line breaks away from the freeway right-of-
way, providing distinct data for distance to freeway and distance to
BART. The New York MTA stations are subways with independent
rights-of-way, providing distinct data on distance to major road-
ways. Portland light rail, running down the major roadway in the sta-
tion area, provides no such opportunity.

These results suggest that building transit lines on freeway or
major road rights-of-way sacrifices the neighborhood livability ben-
efits of transit. Transit systems built along freeways will most likely
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produce the transportation user benefits normally associated with
transportation investments. However, the results of this study sug-
gest that high-quality heavy rail transit, integrated into the structure
of a neighborhood and outside the negative effect areas of major
freeways, can provide benefits in excess of the transportation user
benefits.
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